Abstract-According to the characteristics of human pulse wave signals, the acquisition system acquisition system with excellent performance is designed, 16 bit MCU MSP430 with ultralow power is used to record, process and transmit the collected pulse wave signals. In order to make the hardware part satisfy acquisition requirements of pulse wave, the paper focuses on discussing composition, operating principle, analysis method and performance parameter of analog circuit. The software part makes use of the design tools of Matlab graphical user interface (GUI) for designing pulse wave signal measurement system. The trial on intelligent fatigue test signal adopts relatively unique methods no matter in hardware circuit design or software algorithm process, which provides important and meaningful reference for objective and quantitative research on fatigue signal.
INTRODUCTION
As fatigue is subjective and has complicated occurrence mechanism, there has no been systematic and unified method to classify the fatigue. The classification of fatigue in the existing literatures mainly includes: it is divided into physical fatigue and mental fatigue according to the cause or performance, it is divided into whole body fatigue and local fatigue according to the produced parts, it is divided into acute fatigue and chronic fatigue based on manifestation of fatigue, and it is divided into physical fatigue and pathological fatigue according to the mechanism of production, in which physical fatigue is momentary and can relieve after relax, and pathological fatigue is common in some diseases.
The study on fatigue signals detection methods mainly includes detailed and deep analysis on the mechanism of production of fatigue, and taking corresponding preventive measures. On the one hand, the paper makes analysis on the fatigue from physiologic indicators of human body such as accurate detection and analysis on EEG, ECG, respiratory rate, blood pressure and shell temperature. On the other hand, the paper makes analysis on externalizing behavior of human body such as Monitor on eye analysis, facial expression and head. The subjects are asked to use the detection results to make self-assessment on physiological characteristics, and makes self-restraint on fatigue behavior. In fact, fatigue is the result of synthetic action of the above factors, which means that central nerve is dominated, body reactions in endogenous metabolic process are manifestations, and it affects other organs and the whole body with the change of internal environment of the organism and imbalance of related functions [4] . In recent years, with the development of electronic technology and signal processing technology, objective fatigue driving detection methods based on various human physical signals have become the focus in security applications.
Although fatigue is a normal physiological phenomenon, the traffic accidents caused by fatigue every year not only create great financial losses and personal casualty, but also increase the destabilizing factors of society. In recent years, it is an important field for automobile manufacturers all over the world to invest a lot of money on studying how to reduce traffic accidents and improve the promote road safety. Fatigue driving of drivers has been concerned by more and more researchers all over the world. So it has important practical significance to study fatigue driving detection methods.
Fatigue is a regular physiological phenomenon that long-term work causes temporary reduction of operational capability. In the initial stage of fatigue, people still can force themselves to work according to the original intention because of the influence of will, but working position can be affected greatly, especially in the situation that road traffic conditions have sudden changes, the drivers who are fatigued are easy to have traffic accidents. The paper focuses on designing pulse signal acquisition system based on MSP430, and makes pretreatment and higher order spectral analysis on the collected pulse signals, which provides scientific basis for analyzing and evaluating the fatigue. And the experiment has important and positive significance on objective quantification of pulse diagnosis and avoiding the traffic accidents caused by fatigue driving.
The paper is focused on the design of pulse signal acquisition system based on MSP430 and making pretreatment and higher order spectral analysis on the acquired pulse signals, which provides scientific basis for analyzing and evaluating fatigue. And the experiment has important and positive significance for objective and quantitative pulse diagnosis and avoiding traffic accidents which are caused by fatigue driving.
The paper mainly studies the design of pulse signals based on MSP430 synchronized with acquisition and analysis system. According to the characteristics of pulse wave of the human body, pulse wave acquisition system with good performance is designed, and 16-bit single-chip system MSP430F449 with low power consumption is selected for record, process and transmission. In order to make the hardware satisfy the acquisition of pulse wave, the paper mainly discusses composition and structure, working principle, analysis methods of amplifier circuit, and the calculation of performance parameters.
For the software, Matlab GUI is used to design pulse signal detection system. The system has friendly interface, easy operation and strong data processing ability, which can realize basic functions including real-time acquisition on pulse signals, and waveform display and filtering of pulse signals. And the paper makes emphasis on studying bispectrum analysis which is widely applied in high-order spectrum analysis technology and making data analysis of pulse wave with more perfect functions.
The MSP430 series single-chip microcomputers include X1XX, X2XX, X3XX and X4XX and is in the continuous development. From the perspective of memory, MSP430 series single-chip microcomputers can be divided into ROM (C type), OTP (P type), EPROM (E type) and Flash Memory(F type). All the members of the series have software compatibility, which makes them easily transplant between the various models of the series. MCU ofMSP430 series single-chip microcomputer is designed as 16 bit structure which is applicable for various applications. And it uses Feng Newman structure, so RAM, ROM and all the peripheral modules are in the same address space.
MSP430FF449 which is used in the paper is upscale in the MSP430 series single-chip microcomputers. It adopts l6 bit RISC structure and has rich peripherals and working register and memory with larger capacity, and has higher performance.
B. Power Circuit
As the working voltage of MSP430 series single-chip microcomputers is 1.8~3.6V, and the power consumption is very low, TPS76033 of TI company is selected as the chipset. The output voltage of the chipset is 3.3V and the current is 50mA, which not only can satisfy the requirements of most applications with low power consumption, but also can satisfy power requirements of the system.
Characteristic parameters of TPS76033: LDO Linear Regulator of 50 mA Providing adjustable voltage of 1.8V, 2.5V, 3.3V and 5 V Work temperature range from -40 °C to 125 ° C Quiescent current less than1μA when the computer is off.
Output short circuit protection By referring to instruction manual and combining function, the specific circuit diagram is designed as shown in Figure 3 . The power circuit schematic diagram is very simple, and it only needs simple peripheral components. In order to reduce the interference, the corresponding capacitance is added to the input and output terminal of the chip for filter process.
III. INTRODUCTION ON PRINCIPLE OF PULSE SIGNALS PROCESSING SOFTWARE COMPONENTS
The former chapter introduces the compiling methods of user interface. And the following is an introduction on the realization principles of each specific function.
A. Acquisition
Data acquisition section is connected with the computer by RS232serial, and the communication of MATLAB7.0 is used to develop communication and data acquisition software. And the data acquisition and storage of pulse contour is completed by human machine interface.
We can see that serial communication in Matlab not only has low error rate and reliable communication, but also is very simple, and the programming is very easy, which can improve the safety of communication. And increasing handshake signals and data verification also can increase the reliability of communication.
B. Median Filtering
As pulse signals belong to low frequency signal, the energy spectrum of pulse signals focus on the range from 0.5Hz to 20Hz. In practical application, the signals from 0.5Hz to 30 Hz are selected. In the paper, we used the method of low-pass filtering and median filtering to eliminate power-line interference and baseline drift.
In order to effectively overcome wave interference caused by accidental factors, sharp wave interference noise was filtered out completely. The original signal firstly used medfilt1 to make pulse curve smoother.
The usage of medfilt1 function is: medfilt1(x, n) X is the smooth time series, and N is the order of filter.
C. Bispectrum Analysis Principle
(1) High-order statistics High-order spectrum is defined by high-order statistics. High-order spectrum includes high moments, high order cumulants, high order moment spectrum and higher-order cumulant spectrum. High order moment spectrum and higher-order cumulant spectrum are called high-order spectrum which can define stochastic signals and deterministic signals. The application research of high-order statistics mainly focuses on three-order and four-order cumulant and the corresponding high-order spectrum.
Characteristic function is one of the main analytical tools of probability theory and mathematical statistics. Characteristic function is used to define high moments and high order cumulants.
If X means random variable with Limited moments, the moment generating function or characteristic function which defines X is:
() fx is the probability density function of random variable X , and the characteristic function is the fourier inversion of the probability density function () fx. As the probability density function ( ) 0 fx , the first characteristic function ()   has the maximum at the origin.
By solving k-order derivative of the first characteristic function, we can get
The k-order (the origin) moment and central moment of random variable X is respectively defined as:
In the formula, [] Ex   means the first moment of random variable X , the mean value.
k-order cumulant of random variable X is similar to the definition of k-order moment:
The formula is easily spread to the situation with multiple random variables, and 1 ,, k XX means k continuous random variable.
 , k-order moment and k-order cumulant of k random variables is respectively:
In the premise that high order cumulants can sum, K -order moment spectrum can be defined as ( 1) K  fftn of K -order moment, that is, K -order moment spectrum can be defined as ( 1) K  fftn of K -order moment, that is, High moments, high order cumulants, high order moment spectrum and higher-order cumulant spectrumare four main high-order statistics. In general, high order cumulants and higher-order cumulant spectrum are mostly used, and high moments and high order cumulants are rarely used. Therefore, higher-order cumulant spectrum is commoly short for high-order spectrum which means the spectrum with multiple frequencies.
Especially, the three-order spectrum 3 
Bispectrum has symmetry, as follows:
The domain of definition of bispectrum is divided into 12 sectors, as shown in 

(shaded area) can we completely describe all bispectrums, the reason for which is that the bispectrum of other sectors can be gained from bispectrum of triangle area by using symmetry. Bispectral estimatio n includes two methods, nonparametric estimation and parameter estimation. Nonparametric estimation consists of direct method and indirect method. Direct method means that the sampled data is firstly segmented, and FFT is used to solve fourier transformation of each segment for solving the spectrum estimation of each order. Indirect method means that the data with limited length is firstly used to estimate three-order statistics, and then two-dimension window function is used to produce bispectrum. Parameter estimation means the method of using AR, MA and ARMA model to parameterize bispectrum. The method used in the paper is the direct method of nonparametric estimation which has less calculated amount than indirect method.
D. Software Design
Bispectral estimation of direct method can be realized by the function bispecd of signal processing toolbox in MATLAB, and the call format is as follows:
[Bspec,waxis] = bispecd (y, nfft, wind, nsamp, overlap)
[bspec,waxis]=bispecd(rawData1,64,5,10,200); The demonstration of Bspecd function parameters is as follows:
y is the sequence of observing signals, and rawData1 is used in the paper. Nfft is the calculating length of FFT, the default is the power of 2, and it is greater than segment frequency of data segment. Wind is the parameter used for the specified window, which means window length. It plays the frequency smoothing function. Return value Bspec is the estimated bispectrum matrix, the size is nfft*nfft, and its origin is in the center. Return value waxis is the frequency vector relating to rows and columns of Bspec matrix.
When direct method of bispectral estimation is used to analyze pulse signals, MATLAB7.0 is used to compile bispectral estimation program.
IV. PROGRAM IMPLEMENTATION AND DATA PROCESSING

A. Preprocess of Pulse Signals
The main noise interference of pulse signals being collected by sensor includes power interference, electrical interference, breathing frequency interference and baseline drift caused by the motion of human body. The main task of preprocess is to filter out interference noise signals of pulse wave sampled signal, which makes the subsequent processing calculation achieve accurate number. The chapter uses software filter which means that software algorithm is used to make proper process on data, which screens out noise and clutter interference signals and obtains real data. Data acquisition and process is completed by the way of program processing.
B. Bispectral Estimation of Pulse Signals
The paper uses direct method to make bispectral estimation on pulse signals in the drowsiy and normal waking state. The length of each pulse signal to be studied is 2000 data points. The wave form in Figure 3 is the original wave form of pulse signals. The given data is segmented into K =10 segments, and each piece of data includes M =200 sample points, that is, 0 N KM  . And the mean value of each piece of data is reduced. The length of adding zero to FFT is M =200.
2 dividing the mean value of each piece of data is the mean value of the data to be analyzed, which is 0. If necessary, the length of adding zero to FFT is easy for calculation.
The j piece of data { ( )}( 1, 2, , )
According to DFT coefficient, bispectral estimation of each piece of data is solved, 
According to the results of bispectral estimation of each piece of data^1 2 ( , ) j xx B  , statistical average is made to get the bispectral estimation of the given data sequence: We can see that there is evident peak value of bispectrum, but there is evident difference between the peak value of bispectrum for the sleepy and that for the normal. The distribution of peak value of bispectrum is more concentrated, which is in the range of coordinate point (-20Hz, 20Hz), and the spectral peak in three-dimensional diagram is lower than the normal, the reason for which is that the reduction of physiological activity makes the pulse signals change. Compared with the contour chart of bispectrum for the sleepy, the distribution of spectral peak for the wake is uniform, and the contour is distributed near the coordinate point (-30Hz, 30Hz). Spectral peak and the corresponding frequency range is greater, and spectral peak in three-dimensional diagram is greater, which is easy for identification.
V. CONCLUSION
The paper completes the design of fatigue pulse signal acquisition system and the initial objective of using high-order spectrum to analyze the data, which means that a pulse data acquisition system based on MSP430 is designed. Meanwhile, the paper makes some experimental tests and basically verifies the feasibility of the scheme. The results in the paper indicate that the spectrum pick value of pulse signals after mental fatigue reduces, and peak frequency increases. It indicates that the energy of pulse signals after mental fatigue reduces, and frequency increases, which is consistent with pulse diagnosis analysis of TCM. Power spectral analysis of pulse signals can reflect mental fatigue of human. Spectral pick value and peak frequency of pulse signals are expected to be as objective indicators of evaluation on mental fatigue.
The complicatedness of fatigue makes the detection on fatigue concerned by researchers at home and abroad. Because the evaluation of fatigue is restricted by detection methods and conditions, it is difficult to make objective quantification, and it is impossible to realize continuous and dynamic determination. So the practical application of these methods needs further study.
Many new mathematical tools and signal processing methods can be applied in the field, which greatly promotes the improvement of study level. Artificial neural network and chaos optimization algorithm have become an emphasis of the study on human physical signals. But there is a perfect solution which is applied in processing pulse wave. The time is limited, so the paper doesn't make use of the above methods to identify pulse wave through computers, so it is a promising subject to combine the above-mentioned methods to process pulse signals.
